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Results  of  .statistical  .sti:di<'s  are  applied  to  an  objective  review  ol 
Sari’cimt  iiiaiiiteiiance  and  lot;i.sfieaI  .support  witli  respect  to  electronic 
items.  Alterations  in  the  Seificant  iiiaiiit(Miance  concept  .siigge.stcd  Ry 
the  Ordnance  Corps  are  analyzed.  Rercominc’iulat/ims  for  inodification 
of  the  concept  arc  prcsc-iitcd.  in  the-  areas  of  the  allocation  of  test 
stations  ami  on-vcliiclc  uiatcnal,  of  storagc-reliuhility  evaluation,  anil 
of  checkout  policy.  4—^’ — ' 


I.  INTRODUCTIOM 


This  rcpfwl  presents  as  objective  as  possible  a  rj?vie>\’ 
of  the  ijiiiiiifeiionce  and  logistical  sTipport  ^ci>nsidering 
electronic  ite/ns  onh'j  rf'ciuired  to  maintain  Serfirani  in  thv 
field  in  a  )iigh  state  fif  rjperability  under  all  condit'oiis, 
with  a  view  to  making  reconlinendations  as  to  the  opti- 
mnna  allr/catian  of  support  capabilities  to  achieve  >'.cKh 
a  state  of  opTTubility. 

Specifically,  it  offers  reconimcndations,  Ijascd  on  statis¬ 
tical  studies,  for  certain  alterations  to  be  made  in  the 
Sergennt  maintenance  ct)uccpt.‘  In  acidition,  and  to  an 
extent  incidentally,  it  is  intended  to  clarify  some  pub¬ 
lished  and  implicit  aspects  of  the  concept,  and  to  discuss 
certain  alterations  propfiscd  by  the  Ordnance  Corps  in 
Fall  195S. 


‘Salem,  G.  M.,  The  Sergeant  Weepans  Systeni  Maintcfiancc  Con¬ 
cept,  fiep<»r(  No.  20-130.  Jcl  Propulsion  Lalwrator)-,  Pasadena, 
California.  July  14.  19.59  f Secret). 


A,  Sergeant  in  the  field 

Tlic  Serfretmf  weapons  system  will  be  flophiyc'd  in 
a'-tive  .service  by  battahons.  The  Field  Artillery  Missile 
iJattalion—hcrgccni^  nujst  probably  will  lx*  composed  of 
one  Firing  Battery,  liuviiig  two  Firing  Fhipmoj  each  with 
one  launching  station,  and  a  Headtjuarters  and  Service 
Battery  (Fig.  i).  Tlie  Battalion  will  iisnallv  be  tinder  tac¬ 
tical  and  icdiniiiisti  aU've  control  of  t})e  field  Army  or  Corp.s 
c*>mn>amlcr  as  a  general  suj>port  weapon.  T/ic  typical 
field  Army  might  have  as  many  a.s  three  Scr^canf  Bat- 
tahmis. 

The  Sergeant  has  been  dp.signed  for  package  replace¬ 
ment  maintenance.  A  user-maintenance  facility, the  organ¬ 
izational  ‘.nainfenance  test  station  (OMTS),  and  an 
Ordnance-maintenance  facility,  the  field  maintenance  test 
stabon  (FMTS),  have  bee'i  designed  as  integral  parts  of 
the  SetReenf  weapons  system.  In  the  past  the  Jet  Fropul- 
s/on  laboratory'  has  proposed  a  maintenance  support  plan 
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Fig.  1.  Serg«anf  Ba^tdiion  0«pidym«nt 


\v]>ic'h  iillofatcs  ono  OMTS  to  (^10)1  KirinjU  Plut(Hni  in  tiu' 
Serf'cU'tf  Battalion,  on<’  FMTil  to  cacli  Ordnaricv  Diroct- 
Support  unit,  and  ono  KMTS  to  <'juh  Ordnaricc  Hravy 
Maintciuiiice  support  facilit)-. 

fCiun  <n  {\'.o  major  jtrn)s  of  liroLTid  equipment  in  the 
wcaiTons  s>stcm  is  designed  to  carry  100?  on-vehicK* 
spares  for  its  own  rlf’ctronic  operating;  equipment.  In 
addition,  the  OMTS  was  de.signed  to  be  able  to  carr>' 
200?  missile-guidance  spares,  in.d  the  FMTS  was  desired 
to  be  used  in  conjunction  with  100?  assembly  and  sub- 
assembly  oiganic-stoek  spares  for  all  major  items. 


S.  Mo/n/eno/ico-Cor/cepf  A»fera//ons  Proposed  by 
Ordnance  Corps 

In  Full  1958  the  Ordnance  Ct)rps  retjuested  that  tbi.v 
Laboratory  c.vamine  the  cflFrcts  upon  Srr^vnnf  operability 
and  maintainability  of  several  pio))osed  alteration.s  to  tlie 
ba.sic  maintenance  philosophy  f>f  the  SVr^'<7/nr  weapon.^ 
system.  The  alteration-^  propo.sed,  as  tliey  fall  within  the 
scoj)c  of  this  disc'tt.vsioii,  are  listed  below. 

1.  Rcmoeal  of  all  eleetroiiic*  operating-a.s.sembly  si)aie.v 
from  the  humehiTTg  station. 

2.  Urnnwal  of  all  tOeclronic  oj)erating-as.sembly  and 
missile-guulaiH't'-a.sst'mhly  .spare.s  from  the  OMTS. 

.3.  Removal  of  all  electronic  a.sseinMy  and  .snba.wejnbly 
spares  frt-m  the  I'MTS. 

These  niea»nre.v  n^taild  serve  to  rcHiuci’  the  i))i|j;i)  cfEst 
of  the  Srrfi/ont  weapoirv  system  by  a  eoj).siderable 
amount,  althojigh  it  .shonld  be  noted  that  t))e  end  eost 
would  not  be  siibstanfiiilly  different.  However,  the  sc'ope 
and  efft*etiv<*n<%s  of  the  mail  tenanc(‘  .suiqinif  would  be 
s<*ver(‘Jy  UiniUHl  by  such  cliargi's. 

It  is  cfwwidered.  therefoje,  that  tln'  Serfirt/nf  naiinte- 
nance  plan  as  altered  by  the  .sTigiiestion.s  hst(*d  will  not 
provide  a<le<piate  support  foj’  Scrf’canf;  fiutl)er.  it  ufll 
not  be  in  harmony  with  the  maiiiteniinte  philosophy 
already  d<*.signed  IntL*  the  weapons  syslroT. 

Tlie  basic  .iCea  :;f  l  ontention  between  the  Jet  Pro[>ul.sfon 
Laborator)'  arid  the  OrdnauLO  Cojps  lie.s  in  the  ailtTcation 
of  on-vehieJe  spares  (on-vcbicle  /nateri.il  or  OVhf)  to  tik 
major  items  of  ground  equipment.  Tins  prcjbltoTj  is  tak^n 
up  in  some  detail  in  Section  fV  of  tins  Repf^rt. 
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II.  SIRGCANY  OPERATIONS  AND  SUPPORT 


The  taetical  and  technical  retjnirein('i)t.s  \\>iic)i  Srrf'f'atit 
iia.s  i)een  de.si^nt‘d  to  meet  uiv  .^ei  forth  ir.  the  Serfivant 
Military  C}iaractori.stic.s.-  'J'he  inaiiiteiiance  aiul  support 
p))ilo.soj>hy'  i.s  part  of  tliis  ilc.si^n.  Hima'ver.  some  ah<T* 
nalive.s  in  the  maintenana^  plan  may  Iwr  considiTciJ  and 
I'valiiatod  fn  ternrs  of  tin'  Military  f'liaraett'ristics. 

A.  Mad^i  of  Operofion 

The  vS'er^ennt  Battalion  will  fnnetnm  iti  two  rathcally 
rliffeivnt  modes;  the  peacelime  iniKh*,  ami  th<*  waitirnt' 
(or  immeijiatc-threat-of-war)  mode.  In  jx'acelime 
tlu*  I’lnphasi.s  is  on  tr;hihi)|»  and  on  maintainin){  readiness 
in  the  presc  ribed  load  of  missiles  and  in  the  major  items 
for  possible  war.  In  war  or  linaiediate  ihn'al  of  war.  .S/r- 
will  be  able  to  maintain  a  »eiy  hijj'h  dejyte  of 
readiness  i.i  the  prescnlx'd  load  and  in  th<*  laurichim'  .sta¬ 
tion  and  to  dediver  witliou'  delay  a  IokIi  ial«*  of  fire.  In 
addition,  tlu*  Fijint;  }dat<*on.v  will  he  capahle  of  jw*rf<»rin- 
iii^  "slioot  and  scoot”  ini.ssion.s  whieli  iin<»lve  lapid 
empla'.rnicnt,  firinic,  and  displacement. 

All  of  those  capafiilities  plae(' dii<*c(  rerpiireineiitt  upon 
the  rnaintenance  support  facilities  assoc'ate<l  uifn  SVr- 
0,cant.  Any  maintenance-support  plan  propo.sod  lor 
Serficant  must  be  able  to  meet  all  of  these  rcijMircrnents 
efficiently  and  reliably.  It  must  be  able  to  .•r‘aV<»  d  o  tr.nisi- 
tion  from  i>eacetime  to  wartime  operations  rapidly  and 
with  a  miiiinuim  of  alteration. 


8-  Sfcifisf/cof  Visualizafhn  of  Rolhhiltiy. 

In  order  to  evaluate  a  wa/  of  providing  mm'nfenancc 
support,  it  is  first  important  to  understand  tljr?c  closely 
related  concepts:  reliabiiit),  reliability  de-  ay.  and  rate 
of  reliability  decay. 

Reliability,  as  the  concept  is  used  in  tirs  discussion,  is 
the  probability  that  the  missile  will  fire  yn  time  after  it 
is  removed  from  its  ca.itainers  and  asicmbled  on  the 
launcher.  Reliability  decay  is  based  on  the  opposite  of 
reliability,  that  is,  the  probability  that  tlie  missile  will  not 


*  Dev>elopment,  Tent,  end  Demnnstratiun  of  the  Sergeant  Field 
Artillery  Guided  ^fissile  System,  Technical  Bcquiremeiits  No.  19, 
Revision  No.  8.  Resea- ch  and  Develop/n»-nt  Divisioii.  Bedstone 
Arsenal,  Huntsville,  Ala'iama,  June  3, 1957 (Secret). 


fire  on  time.  Thi.s  probabilit)’  is  equivalent  to  tln'  prob¬ 
ability  that  a  failure  will  he  delected  (a.s.snmiiij;  {.hat  any 
failure  will  l>e  deteetral  and  will  hall  »a  ih-lav  fiiiuj').  Tlie 
ral<r  of  reliahility  decay  i.s  tlu'  time-rate  of  iiu  u-a.se  of  thi.s 
pr/>b.-(binty  after  a  eh' ekont  of  the  mi.s.sile.  'I'liu.s,  to  es  al- 
iiatii  reliiibility  and  rlie  ri'lated  eoneejit.s  re{p'jre.s  tlie 
stati.stieal  modi’)  »le.scj  ilnng  tlu*  oi-i-iirri-iur  of  faifme.s. 

j'ailures  in  tlie  .SVrofvni/  weapoii.s  .s).stem  are  de.serilK-d 
hy  twti  iiuxlel-s.  (bie  model  involves  wear.  It  lia.s  nolH’ar- 
ing  on  the  lerm.s  being  disi-u.s-ved  here:  it  i.s  evplahied  in 
Ser-tion  lll.-\.  The-  other  model  j)i).st!ilale.s-  that  failures 
iHi’iir  by  e)Kmi-«-  ie  au;  «  ’“.val  of  time  after  a  i  lu-ekonf. 
and  that  there  i.s  no  wa)  o.  knowing  that  a  failure  Iia.s  or 
lia.s  not  oceinn’d.  exeej^t  an  iiltempl  io  eliei-k  out  or  lire 
the  mi.s.sile. 

This  second  model  deseiibing  .Sergvvm/  prellight  fail- 
iire.v  is  ha.Tcil  on  the  Pokson  di.strjhufion  ot  eliimee  evi’nts 
and  is  besl  described  in  terms  (;f  a  game  of  clianee.  ll  i.s 
a.s-  though  in  each  minute  tliaf  pa.sses  afti'i*  a  eheckont. 
a  diei»  player  ndl.s  a  pair  of  dice.  Tlu’  ni)r.-i  of  jh.*-  game 
are  .such  lliat  eaeli  roll  of  the  dice  is  a  new  game.  If  the 
player  rolls  a  number  other  than  a  given  one  (sa\  7).  the 
miimle  pas.svs  uneventfullv.  If  he  rolls  the  7.  a  failure 
occurs.  Tile  p)a\  ei*  i.s  not  allowi'd  to  si’i'  the  onlisane  ol 
the  roil  but  there  is  a  seorekeeper  who  iha’.s  keej)  track 
of  (fw  iiutcomes.  At  any  time  the  player  can  ask  the  score- 
kt’cjJcr  whethiT  or  not  he  has  thrown  a  7  since  t};e  lax! 
time  he  asked.  Ohviimsly,  the*  longer  he  wails  liefore 
asking,  the  ini>re  likely  it  i.s  that  he  ha.s  thrown  a  7. 

The  play  of  the  dice  playi^r  reprc.wnt.s'  the  progres.s  of 
time  in  wliicli  chance  failures  occur.  TJie  seorekeeper, 
keeping  track  of  reliability  decay,  corresponds  roughly  to 
the  checkout  cjquipment-  7'hc  player  a.sking  the  score- 
keeper  whethci  he  has  rolled  7  is  analogous  to  a  checkout 
w  a  firing  attempt.  The  number  7,  with  the  maximum 
probability  of  occurrence  in  the  game,  corresponds  to  a 
faiily  high  chance  of  failure;  if  the  num)>or  on  the  dice 
which  corresponds  to  a  failure  is  2,  or  12,  with  minimum 
probability  of  i>ccurrcni;t?,  t/iis  corresponds  to  a  how 
chance  of  failure.  What  the  number  is  corresponds  to  the 
rate  of  reliability  decay. 

Suppose  the  piaycr  wishes  to  maintain  a  high  c-onn* 
dence  that  he  has  ntif  rolled  a  seven.  .Sinct?  .sevens  occur 
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(jiiitr  Ircijnrii'ly.  lu*  nnist  ask  tiu*  scdrckcrprr  f;::r!y  often, 
if  iie  IS  tiym^  tt.  maintain  a  certain  confiiioncc?  liiat 
Ik*  lias  lint  rnlltcl  a  2.  lu*  need  n<»t  ask  so  ofts^i.  Alsn  if 
tin*  player  will  accept  a  low  cnnfitlenc'c  that  lie  Ins  not 
rolleii  7,  he  iieeil  lu  t  ask  so  often. 

In  missile*  niainteirinee  lemis,  snppn.se  a  high  reViahilite 
sianilaiil  i.s  coupled  with  a  high  rati*  of  leliahilrv  decav. 
Clu’ckouts  most  he*  .scliednletl  (jutte*  often.  If  l!:e  rate  of 
(h*cay.  or  in-st:nv.anee;;.s  prnhahilits'  of  eimiiin- c*nl  fail¬ 
ure.  is  (jiiite  low.  checkouts  nci'd  not  ocaiir  .so  nfl:*ii.  .Mso. 
if  a  lowiT  reli.dnlity  standard  is  ac'cepted  witl  a  Inch 
failure  pi'oh.dnHty,  clu*ckonf.s  need  not  1«*  uku'i*  .o  often. 

Thus  '{  is  evident  that  civrn  the  rate  of  p  liahilitv 
decav,  a  liataiiee  can  hi*  struck  hetween  llie  le\i*'i  of  rt*li- 
.ihiliJy  inaiiivaini*d  ami  tlu*  lt*ncth  of  time  hetwt*e;  eiieck- 
ont-s  to  arri’-'e  at  a  niainteiiauce  plan  In  st  suited  f-.«  .system 
ro(|ujrenie'.il.s. 


C.  Methods  <sf  Supporting  Sergennt 

The  two  inaintenancc-suppoit  inclhods  umk  r  c  msid- 
oration  differ  in  the  allocation  of  the  majo;  user  test- 
cquipmont  item.  Tlio  first  alternative  place's  this  si  .iport 
at  Battalion  level;  in  the  second  alternative,  tlu*  loring 
Platoon  possesses  its  own  testing  station.  The  two  e.'eek- 
out  and  .support  systems  are  shown  in  Fig.  2. 

I.  Battalion-support  method.  Under  the  fu'sl  scheme, 
the  .SVrc<Y/«!  FAM  Battalion  would  have  only  one  OM  'S. 
locati-d  at  the  Jlcadcjuarters  and  Service  Ballery.  Peavt- 
time  readiness  of  the  prescriluid  lo;id  would  be  assun*d  l.v 
periodic  checkout  of  the  missiles  in  the  Battalion  pre¬ 
scribed  load  by  the  OMTS.  The  ability  of  this  station  t« 
perform  its  function  depends  on  the  location  of  tlu*  pn*-^ 
.scribed  load  and  the  time-between-chcckouts  rcquirc- 
mciit.  Thus  if  the  c*oniplcte  pmscribtd  I::2d  were  kept  at 
the  Headquarters  and  Service  Company,  the  O.VITS  could 
easily  perform  its  task  no  matter  how  short  the  time 
between  ciicckouts.  If  the  load  is  scattered  among  the 
Firing  Platoon*;,  and  the  Firing  Platoons  are  a.s  much  as 
2n  miles  from  Battalion  Headquarters  and  *10  miles  from 
each  other,  the  fob  of  the  OMTS  becomes  slightly  more 
difficult;  its  dependence  upim  the  time  between  checkouts 
is  greater.  As  an  ab.surd  example,  if  it  were  required  to 
check  out  the  c*«mpletc  prescribed  loiul  twitv  a  day  to 
maintain  a  certain  reliability  it  would  be  impossible  for 
one  OMTS  to  handle  the  job. 
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PL  ATOON-SUPPORT  METHOD 


Fig.  2.  Missil*  Checkouts  under  Twp  Support  Methods 


The  traioiiig  ini.ssim  of  '.ht*  OMTS  in  tlu.s  .sujipoit  con¬ 
figuration  could  easily  be  performed  hv  tlu*  be.st  training 
of  all.  ou-tlie-iob-traii.iug.  The  training  mission  of  flu* 
other  cleineiils  in  the  Ikiltalion  an*  onaftecli'tl  b\-  tlu* 
dispo.silion  of  the  OMTS. 

The  ability  of  the  O.dTS  to  maintain  the  pr«‘si*'il)i*d 
load  in  a  )H*ighti*tM*il  .stiite  of  readine.s.s  in  wartinu*  or  in 
the  iin.mcihatc  threat  of  war  again  di*pend.s  on  the  rate 
of  decay  in  reliability. 

The  ability  nf  a  single  OMTS  (with  1002  spares)  ade¬ 
quately  to  support  an  a 'erage  rate  of  fire  as  high  a.s  12 
rounds  per  day  ixt  Hattalioii  has  been  demonstrated  by 
iimiilatiim  techniques  im  an  IBM-704  computer. 

The  wartime  use  of  the  OMTS  in  the  Setficanf  Battalion 
wmild  Ixj  restricted  to  maintenance  of  the  pit‘.sciihi*il 
load  of  missiles.  High  firing  rates  would  he  .Mqijioi  tcil  h: 
the  .»rmy  Ammunition  Supply  Point.  Tliat  is.  the  Firing 
Platoons  would  draw  checked-out  missiles  fiom  the  Sup¬ 
ply  Point  and  fire  them  without  any  checkout  additional 
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to  that  pr«v;dc<i  by  bir  hriinciiing  staiion  iUrU.  u  siMn>Ui 
he  noted  at  this  point  lliat  the  laniKhinjt-station  cheekoul 
will  deteet  every  type  I'f  discrete  missile  fuilLn^^  which 
tlie  OMTS  will  iletect;  that  is.  the  lannchinj'  station  will 
reject  every  had  missile  that  the  OMTS  will.  Tlic  «mly 
difference*  is  that  tlie  launelnujf  station  isolates  nialiniic- 
fi<)ns  to  a  parfieiiiar  major  assembly  snch  as  warheavk 
int'tor,  guidance  section.,  or  fins,  while  the  OMTS  i.sola((*s 
rnalfiinetinn.s  to  tlu*  as.semhly  level. 

(dearlv,  the  proeeduu*  of  drawinj»  eln'rkrd-ont  niissil‘*s 
from  siippl\-  and  firini'  ths‘»n  without  OMTS  ehivkimt 
ilepends  for  siici-ess  on  a  rate  of  reliability  d.'cav  which 
is  low  tninn^h  that  the  missile  will  still  Iiavi*  an  accejif- 
ubi(  proh.dality  i»f  firiiiji  on  time  when  placed  on  the 
launcher  (after  .some  nominal  tielay  which  me^ht.  for 
e.vaniple.  O'prcsent  the  titnc  vc<inivcd  to  transi)<»rt  tlie 
round  from  the  .Ammunition  Supply  P<»int  to  the  launch 
site).  If  the  rate  of  decay  in  ieliah;li»y  wei-<*  s<»  hi.iih  that 
tlu'  probaliility  m*  fivinjj  on  time  wonUl  have  fallen  helo\s- 
the  aceeptahle  level  before  tin-  round  liad  arriv<*(l  at  the 
lavmch  site,  ihen  an  OMTS  eheckont  prior  to  ass<‘mhlv 
of  Ihi*  niKssile  on  the  launcher  \v«»\j|d  he  require^}. 

Tlie  support  plan  in  which  tlie  Kirinji  Platoon  draws 
checked-ont  missiles  frtnn  the  Supply  Point  and  fire.s  them 
provides  that  “shoot  aiul  scoot  "  missions  would  he  per¬ 
formed  without  the  immediate  .support  an  OMTS. 
Indeed,  if  an  OMTS  checkout  <if  the  inissih*  is  re<(»ired 
immediately  before  firing  in  the  “shimt  and  scoot”  oper- 


vitioo,  tliCJ  minimum  tiini-  retpno-rl  for  t  in*  particular  firing 
mission  is  donbliH.!. 

2.  P/ntof>»i'Sii;>;w>»t  vn'ih'.ul.  The  second  alternative  pro- 
vitles  that  each  Tiring  Platoon  have  its  own  OMTS.  In 
tlu*  maintenance  plan  de.sigiu'd  hv  tln.s  Lahi-jatorv,  each 
OMTS  is  complete  with  UK)*/  0\^M.  The  Ordiunuv- 
aliercd  jilan  calls  for  ihi*  elimination  et  all  t)MTS  spares 
cavrv'd  as  OVM.  W'ith  reganl  to  peacetinu*  mainteuar.ee 
of  the  pr«*.s' j  ilwd  load,  either  of  these  systems  w  ill  jicr- 
form  adcqnatidv  .As  ha.s  heej*  :!::*:g;:;n{‘d  e.niiei.  iheu- 
e.sists  a  remote  possibility  tliat  the  i'lato«>n*siij)])orf 
niethcd  would  ht*  the  onlv  feasible  J>Ian  to  maintain  a 
level  of  reailine.ss.  if  tin*  rate  of  ileea>'  in  reliability  after 
cheeki«»t  were  rupul  enough  .so  ihal  very  fn*ipieiil  eln  if - 
oiil.s  were  r»*qnired  lo  maintain  the  Ics'el  tif  reailiiicss. 
Again  it  .slionlil  Im*  cnij)lia-'i/.i’d  that  tin*  jio.s.sihility  is 
remote.  Peact*tinu*  training  reijm'n'ments  are  fulfilled  adi*- 
qiiatrly  by  either  system. 

'I'lii*  wartime  <  a)>ahih’ty  of  tlii'se  systems  is  ctuuplieated 
hy  the  prohlein  of  OVM.  wfiieli  will  he  di.seus.sed  in  See- 
turn  IV.  The  pfatoou  s«ppt»rt  method  fn'i  fi  i.s  .suh.stan- 
tially  (he  mainlemime  plan  as  drscr.beil  in  tlu*  MaiiUe- 
nuiice  Concept*)  perform.^  .satisfertorily,  hnt  (*xlrava- 
gantly.  in  the  wartime  sitnutiou.s.  1  his  is  ('Specially  true 
if  the  ral(?  of  reliability  decay  i.s  Uav;  the  ves\dt  is 
expensive  erjuipmeiit  tied  up  witli  li’.tle  or  nothing  te  do. 
It  i.s  concluded  that  the  system  with  two  OMTS*.s  and  no 
OVM  will  be  unable  to  perform  adequately  aiyv  of  its 
missions  in  wurtiiiK*. 
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III.  STORAGFI  OF  MISSILF  SECriONS 


It  s‘?rms  c-lfnr  friH  i  llu*  prrtetlin^  disicssion  tl»al  tin* 
ki  y  to  thr  proMcin  »f  wlu'tlu’r  t«)  liavr  t>iu*  OMI  S  per 
Battalion  or  oiu*  ON.'l'S  pt'r  Firing  Pi.itoon  is  tho  tale*  of 
ili'cay  in  reliahilily  :.ftcr  clu’t  koiit.  Siiu'c  this  rate  «>f  ileeay 
in  reliahilily  afte*^  elietkout  or  storage  r<0ial>i1i(v  is  so 
important  it  will  he  disenssed  in  detail.  First  of  all  storaui- 
leliahiiity  i.s  defined  as  the  reliahililv  of  the  missile  as  a 
fnnetion  of  tiint'  from  last  elx'eki'nt. 

It  is  nece.ssarv  to  di.stiniiuish  fliree  sttuaiit*  crvironim^nts 
wliieh  the  Srr<:(‘ant  is  liki’h  to  eneonnti^r.  (n  all  tases  the 
nnssil-'  seelions  ar*'  assnini’d  to  lu'  stor«-d  in  tiie:i  s<mI<mI 
eoiitainor.s. 

1.  Ptiwivr  Storoiic  is  o|ien  stora,,.*  or  stor.n:»‘  in  \\ar«“- 
honsr.s  in  'vhicli  the  rnis.sile  .sec  tions  are  a  i.juu-d  to  I'ttle 
or  no  .siioek  and  vibration. 

2.  Transport  Htora'^o  is  an\-  and  all  handlinuand  Iran.*- 
I)ort  underiioiK*  by  the  missile  seetions  in  their  mmI<*<1  eon- 
tainers  between  the  la.st  elu-ekout  «it  the  factory  and  tin- 
final  plaec'nient  of  the  e<»ntainers  on  the  sp«*c  iatl\  desii;iM*d 
Battalion  tr.msport  trailcTs  in  the  field. 

3-  I'irld  Soirdiir  i.s  (he  carryinti  around  of  tin*  missile 
.sections  on  the*  tran.^port  traih’is  :»<  pari  of  the  Battalion 
prescribed  load. 

The  storajjc  Mllitar\'  Characteristic-  {Section  1.2.11.1) 
presumably  refers  to  the  coinbinatiCirii  of  passive  storaixe 
and  transport  .storaye.  However,  the  ftcus  uf  interc'sl  in 
this  treatment  is  field  storage.  Reliability  during  field 
storage  decreases  less  than  during  th.-  combination  of 
passive  and  transport  storage,  according  to  the  experience 
of  tins  Laboratory  with  tlie  potentially  rough  trc*atment 
which  can  be  meted  out  to  the  missile  sections  during 
s\.rh  operations  a.?  loading  and  unloading  at  docks  and 
warehouses,  communication-zone  truck  .ind  rail  transport, 
or  constant  handling  in  the  Ammunition  Supply  Point. 


A.  Field'Sforage  RetiahHity 

The  reliability  or  readiness  of  a  missih  in  the  prescribed 
load  during  field  :;t‘)rage  is  measured  I  y  the  prc.!)ability 
that  the  missile  will  fire  successfully  .xt  the  time  it  is 
removed  from  storage.  This  reliabilit)'  is  a  fiimiion  of 
time  .since  the  last  checkout.  The  reliability^  of  a  missile 
diminishes  as  time  increases  after  a  checiamt.  Each  cherk- 


out  hriiigs  the  rcliabilitv  of  the  ini.s.sifi-  almc'St  np  to  the 
levc'l  it  had  at  tlu*  time*  i>f  the  previous  checkout.  The 
word  “almost  ’  is  insi-rtcd  hccanst'  sonu*  components  in 
the  missile  are  suhject  t«)  wi*ar.  and  eac-h  checkout  cim.se.s 
it  certain  ainoimt  of  wciir.  which  decreases  rt'liahiJitw  The 
niiintw'r  of  clu*ekoii(s  per  unit  tinu-  tir.  iiuerscK.  the 
time  elicekoiits.  recpiiift!  to  maintain  a  rehai)iiit\ 

greater  than  or  ecpi.i!  to  a  given  li-vel  ilepeiid.v  on  the  rate 
at  vviiicli  rcliahility  drops  off  a.s  a  function  of  time  from 
last  checkout.  'I'Ik*  total  numher  of  eheekouis  uhiih  can 
he  p«‘rformvd  depi-ud.s  »»n  the  rate  at  which  wear 
decrea.st-s  the  maximum  aeliievahle  n’liahilitv;  thus  tliere 
i.i  a  jniinl  at  wliieh  the  reliahilitv  «'f  the  inis.‘ili-  iemu-di- 
.ilely  after  a  eh'.’i’kout  \vill  bf  *t};u!  th;*  recjiured  leci-l 
bee.iiise  some  assemblies  have  readied  a  point  in  their 
lifet:m<‘s  at  wliiel:  tiic  proh.ibiMi\  of  a  f.iiluri'  jiuTcasi’s 
shar|)!\ . 

Figure  .3  prc'sents  graphitally  the  effect  of  wear  on 
maxiiniim  ,uhie\ahlc  reliability  and  on  time  bi-twccn 
checkouts. 
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NOTE  AFTER  /Vlh  CHECKOUT,  PLATFORM  AND  ASSOCIATED 
GEAR  MUST  BE  REPLACED, OR  PRESCRIBED  TIME 
BETWEEN  CHECKOUTS  MUST  BE  SHORTENED 


Fig.  3.  Effect  of  Wear  on  Maximum  Achievabio 
Rollability  and  on  Time  between  Checkouts 


P090  6 


CONflOSMTIAL 


CONFIDSNriAL 


^epcrf  No.  20-132 


J9t  PfopuMon  laborotoy 


Till*  stoop  panillol  ciirvos  roprosont  tlir  t.ino  tlfoay  iri 
roiuioilitv  aft<‘r  ciu'okout.  Tiio  (lotli'ci  voilioals  it'pio.sont 
tlio  rostorath't?  offoot  of  llio  oliookont.  If  tluoo  \oor«*  no 
woar  a.ssooiatod  M'ith  a  I’lnvkoiil.  :i<UIjti<Jnal  t'liook- 

out  would  luhij;  tiu’  roliahilitv  of  tho  inis.sil**  up  lo  R.. 
Tlio  linii*  hot'^’fon  olioi-ks.  'i'.  \vnid<!  In*  du-  tim»*  ro«|niri-tl 
for  till*  docav  cur\c  to  pass  tliroii^li  H|.  Tho  sti  piJCcl. 
Ijrokon-lino  cuia-o  n'lirosoiits  tlio  jiiaxiiunin  achiovahlo 
ridiahilitS'.  Ivioli  suoooi-diti^  oli<'ckout  dotioasos  tlio  max- 
iimiin  ac*liiovu])l<‘  rolial)ilit\  hoc-aiiso  of  ua*ar.  'Diis  has  tin* 
of  caiisinn  tho  dt'oay  oorvo  t«>  pass  tlirouph  fl.i 
S[K>i!(*r  than  i(  wimld  ha\o  <itlii  iAM'sc.  It  is  ohvions  (ix'ni 
tlio  Ki^iiir  that  T  is  a  fimotioii  of  (ho  nimihoi  of  ohook- 
oot.s.  !n  piac-titf,  soino  ooiisl.int  T  w«»iild  prohahiv  Ik* 
ohysi’ii  s<i  that  at  first  tho  oliookouts  wxuiltl  ho  porh»i  ;oo(l 
slil'htlx'  more  oftj*ii  than  noi-ossars.  As  (ho  missih* 
approaihod  tho  finu'  \\iion  (ho  itoios  sii!ij<‘ol  ti.  woar 
shoidd  ho  rojdai-od.  tho  {hookoiil.s  ss'oidd  )»o  porfonnod 
slij»)itlv  ji'.s  oflra  than  iiotTssarx  l<»  martil.au  fh<*  miiii- 
uHim  ro.idmoss  lovol.  'I'his  umdition  o.ui  ho  siA-n  in  tho 
Kiiiuro  !)>  m»ti<'ini!  tlu*  rolatioiislnp  h(‘(\voon  uhoro  tho 
d<'oa\‘  ouiAX’.s  pass  (hrouiih  li,  aiul  wiioro  tho  (lotted  linos 
ropro.sontlnij  ohookout.s  pass  ihnm^ii  /(  .  Towards  tin 
ri^ht  side  of  tho  rtrapli  (ho  oarv'os  aro  iutorooptai^  tlo* 
/? ,  lino  as  uiiioh  us  ‘h  day  ahead  of  the  next  ohoclanit  time. 

Uv'foirinj'  to  Fiii  h  a  missilo  whoso  roliahihly  in  field 
storaj:o  is  as  po(*i  as  at  T<..,r;  6  days  (tho  niiddio  ciirvo) 

ct)idd  oasilv  ho  niaintaini'd  at  an  aoc<*ptahlo  losci  of 
readinoss  hy  a  SrriicatU  FAM  Hattalion  with  a  sinjik* 
OMTS.  This  six-day  tinu*  holwoon  checkouts  w«ndd  !»<•. 
sufficiont  t«)  allow  tlu*  typo  of  wartime  pnKX'dnro  ein  i- 
sioued  for  tho  .sinuk’-statioii  Battalion.  The  ctir.  o  lalH'kxl 
■=  50  represents*  tin*  ongiiiooriiig  fiidpiient  oi  tho 
Jet  Propulsion  Laboratory  eonceming  tfic  Tield  storage 
reliahility  of  Sergeant.  A  single  CIMTS  per  Kattalion  is 
more  th'*n  adecpiate  under  tliesc  drciiinstances.  The 
2-day  case  represents  the  v'ery  improhahlc  exmditiuns 
which  might  lead  to  assigniuK  one  OMTS  per  Firing 
Platoon. 

However^  it  is  the  opinion  of  this  Laboratory  that 
should  this  highly  unlikely  situation  occur,  the  cost  of  the 
second  OMTS  per  Battalion  tvotdd  be  better  spent  in 
product  improvement. 

B  Confint/ing  Bxperimenfal  Progrerm 

Starting  with  the  first  Engineering-Model  Sergeant 
round,  a  policy  will  be  established  of  taking  the  missile 


Fig.  4  Fi«ld-5(oroge  3e)ipbili(y 


from  whatever  storaiH’  and  h.indh’ng  it  ha.s  e.sporir'm-od 
.sim*<*  its  last  cln-tkniit  at  the  factory,  jdacing  it  dinxilv 
on  the  launching  slatiun  wilhont  further  clu'ckont  by  the 
OMTS.  ami  attempting  to  orimplcto  a  muck  firing.  Tho 
-Storage  and  hamlling  onvironinont.s  imdorgoiio  ))v  tho 
ini.ssilos  will  be  controlled  tr)  whatcxrr  extent  is  prattica- 
hlo.  in  ord«*r  t«>  obtain  results  based  on  a  spectriiin  of 
likely  handling  and  stor.igo  environmonts. 

Records  will  he  kept  of  the  cnviroiiinont  experienced 
by  each  missih'  and  its  jjcrformaiyo  on  the  launcher. 
After  the  mock  firing  oucli  missile  will  bo  checked  out  by 
the  OMTS,  and  records  will  be  kept  of  the  results  of  these 
chorkouts.  Missiles  w  hich  fail  to  complete  the  mock  fir¬ 
ing  will  be  repaired  b>  the  OMTS.  and  records  will  be 
kept  of  tho  repairs.  (The  same  missiles  will  then  be  fired 
in  the  EM  firings.)  These  records  will  provide  a  prelim- 
inar>'  estimate  of  the  reliability  degradations  of  Sergeant 
in  ail  three  storage  modes.  Further  the  laboratory  will 
recommend  that  the  ex|HTiment  l>e  continued  through 
the  Engineer-User  Evaluation,  the  U.spr  Evaluation,  and 
the  field  life  of  the  weapons  s  vstem,  or  until  the  Ordnance 
Corps  has  built  up  a  level  of  confidence  satisfactory  to 
themselves  in  a  \a!ue  fur  the  rate  of  decay  of  reliabjlitv 
for  Sergeant  in  fivid  and  passive  storage. 
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iV.  SPakE-PAkTS  STOCKACc 


Stiulu’.s  liav(‘  sliown  tiuit  in  nicItT  {o  nauntain  a  Iiit'l: 
li‘vi’1  of  (t[U*i.iliility.  a  sysl«‘in  liavr  citluT 

uU'Vfliick-  spans  <»r  a  rckahU*  .span*s  stipply  )ii«* 

with  a  (U’ia\  tiiiu-  «>n  tlu*  tmlt’i'  nf  a  h*\v  iNuirs. 


A.  On-Veh/c/e  Maferic/ 

It  is  iinpnssihfc*  to  ^uar.int(‘('  mk  Ii  a  sii)>piy  line  as  tli.it 
ipfniinnrtl  alinvf.  'rinacfnrr  in  nrdcr  t<»  inaiiit.uii  a  Innh 
h'Vfl  <if  opfiahility  a  i-oinplcv  system  must  have  OVM. 
lIo\ee\-er.  in  tiie  Srr^ituiuf  weapnii  system  the  nspiiie- 
ineiil  fnr  a  liiuii  levi !  t;f  -.tpriwliilits  varies  with  th«-  major 
iti’in  ennsitleieil. 

/.  I.<nf>u  hin^  .yfiifitm.  'I'la-  liiula'st  possihU*  level  ttf 

operaltilily  is  retpilretl  i»f  the  lannelniK(  station  at  all 
times,  sinee  it  is  tlireetK  iinolved  in  ileterminlnt^  tin* 
eomhat  pa>'n(f  of  a  inissili*  BriniLi.  ht  adtiit'on.  taetie.il 
ennditions  \v>)nld  keep  the  iaunehiie^  station  isulai(*<I  fnmi 
repair  ami  pails-suppK  oiciiitii'.s  imieh  of  (lie  ‘nne  Tfuis 
in  order  lo  niointaiu  conihat  infejtrihj  it  tiiiixt  have  100^ 
OVSt  at  all  limes. 

2.  ()A/7’S.  In  peacetime  it  is  not  ahs<ihi(ely  ne<*«*ssar\’ 
tluit  the  OMTS  have  OV'M.  Since  its  primary  mission  is 
t<»  nuiintaiii  the  reailincss  <if  liie  prescrilwd  loath  the 
(DMTS  cotilcl  be  tleatllined  for  sinncs  for  as  long  as  the 
time  retjiiired  helween  checkouts.  This  condition  would 
n<it  .seriously  impair  the  rcadiiu’ss  capability  of  the 
weapon  system. 

In  wartime,  however,  the  OMTS  must  OVM  lo 
support  high  Biing  ratc.s  and  to  maintain  tlie  lH*ight(‘nc<l 
readiness  capability.  The  results  of  statislic*al  studies  on 
tliis  specific  pltasc  of  the  OVM  problem  are  included  to 
illustrate  the  point.  In  Fig.  5,  the  vertical  scale  represents 
a  measure  of  the  ability  of  a  single  OMTS  lo  check  out 
missiles  fast  enough  to  support  the  firing  rates  marked 
off  on  the  horizontal  scale.  Each  curve  shows  the  |>"rform* 
ance  of  the  OMTS  for  a  different  delay  time  ffir  renluce- 
ment  of  a  failed  OMTS  assembly.  Curves  A,  B,  and  C 
represent  the  performance  of  the  OMTS  with  no  OVM 
and  with  delay  times  of  2,  8,  and  40  liours  respectively. 
Curve  D  demonstrates  the  performance  of  the  OMT^ 
with  a  40-hour  delay  time  and  100%  OVM.  Figure  6 
amplifies  this  contrast,  showing  that  an  OMTS  with  lOU? 
OVM  and  a  40-hour  delay  time  performs  as  well  as  an 


Fig.  5.  Efftct  of  Spares  on  Checkout  Reliability 


OMTS  with  no  spares  and  a  7-  or  8-l)oiir  wait  time. 
Experienced  military  personnel  will  prohahly  recall  not 
infrequent  occasions  in  wartime  when  a  supply  line 
with  a  40-hour  delay  was  considered  marvelously  fast. 

w*nce  the  OMTS  must  liave  O'.'M  in  wartime,  and 
since  the  OMTS  must  h(«  capable  of  rapid  transition  from 
peacetime  to  wartime  status,  is  seems  reasonable  to 
require  that  the  OMTS  he  issued  with  OVM  in  peace¬ 
time,  rather  than  issuing  it  with<jut  OVM,  but  with  the 
OVM  stored  clos ;  enough  to  insure  rapid  changeover 
to  wartime  status 
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Fi'$.  6.  Re<)uirem«nt  Pieced  on  Supply  line  by 
Checkout  Uareliobifity 

fi.  Se/ecfe</  Spores 

'i’lic  principle-  of  steickin^  <m\1v  selected  spares  t<i  sup- 
j)ort  u  complex  system  is  iH’rta)))ly  a  leasonahle  om*.  it 
is  clear  that  in  general  t))e  pnreluise  of  st'^nleu  span's 
represents  the  optiinmn  allocation  <tf  money  for  spans. 
Kosvcvcr,  tljo  dcsijtn  tif  tin*  Ser^ewn/  is  siieli  that  «/eat 
care  most  he  taken  in  making  decisions  as  to  which 
spares  will  he  seltvteii.  Any  arfritrarv'deciskm  rule  stich 
as  ‘s|7end  15?  of  the  total  cost  <if  operating  equipment  on 
spares  or  stock  tim  three  least  reliable  as-semhhes  in  each 
major  item,'  etc.  will  in  many  cases  result  in  serious 
impairment  of  the  over-iiU  capability  of  the  major  item. 

1.  Missile.  In  the  case  of  the  missile,  a  policy  of  selected 
stcKrkage  of  spares  is  mandatory.  Some  of  the  assemblies 
in  the  missile  are  subject  tii  mechanical  wear,  as  has  V^n 
discussed  previously.  Toward  the  end  of  the  ‘checkout’ 
life  of  a  missile,  repair  of  such  items  heroines  more  and 
more  frequent.  Also,  a  few  of  the  missile  assemblies  are 
as  much  as  a  factor  nf  10  less  reliable  than  any  of  the 
other  assemblies,  independent  of  the  ‘checkout*  life.  Tliese 
ass(»mbUes  can  be  expected  to  fail  more  frequently  than 
the  others.  Unfortunately,  little  saving  in  money  can  bo 
expected  from  a  selected-spares  polic)  for  the  missile. 


sinci*  thi’  tl»rin*  miKt  >>i»r»*)j;>hh*  t!;c  liki'lv 

to  .suOer  wear,  represent  apprwirnately  8.5?  of  the  total 
cost  of  missile  asst'mhlie.s. 

5.  (fMTH.  SVK'ctioii  of  spares  for  the  OMTS  is  ruue 
plicatisl  by  lw<»  factors.  First,  tin*  OMTS  r<'tjuircd  sj^ares 
ftir  uppnjvliuatelv  2.5'«  of  its  operating  asseuihlies  ff>>  ii.se 
iti  carrying  oi»t  ctMt.n'n  seif-test  lii>i)l>U'-.sle*'>‘‘n5i  proce- 
tlnter  Theja-  spart's  an-  ii«»f  tu'tt'ssaviiy  ihe  cptinnmi 
ehokx's  fjir  s<*leef<*cl  sp,,oj*\-  stufkaye.  Se<’.>iMl,  the  pn  senee 
of  ()VM  is  so  critical  <o  l!ir  perftn'manti-  oi  {lu*  OM  l'S 
M>  the  situation  w!ier«  if  must  ehi-ek  (Hit  iiiissiKs  fust 
('uougli  to  meet  lugh  hriug  rales,  dial  very  few  .spares 
i;m  h('  lenu'ved  without  seriously  degr.uhiig  oerfonnaiice. 

Figuix*  7  .summari/.es  the  resulls  of  a  siinui.  'i  ui  of  the 
()\rrS  eluH'king  out  missiles  at  a  higii  firijjg  rail,  witlj  .oi 
OV\l  supply  whieh  ileerease.v  in  an  orderly  h.o  'Hie 
simniatiou  prort'.ss  was  dependent  ujavn  leit.o  \  pioh- 
ahdity  <t«isi<lerati(M»s,  so  that  e;uh  eiveli-d  point  on 
7  .should  b*  looked  upon  as  ihe  a\'eraue  ouU'oine  of  a 
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Fig.  7,  Effect  of  S«i«tttci-$)>aret  Kemovaf  on 
Checkout  Roliablllty 
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J»f  Pfopvhlon  iLaberqfery 


iiir^c  number  (on  tin-  ouu-i  tif  25«X))  «>{  exiiersinee.ts.  '^lie 
curve  sliows  the  eH(  el  on  OMTS  perfjfrnnusa'  i«  reiiiuv- 
inj'  Hrsl  tlu‘  most  leliuble  spares,  then  removinii  in  vuUli- 
titui  tlu>  sei-omt  loosl  r**liahl( .  etc.  Pi'rformanct*  tlrojis  lai 
rapidly,  indicating  tiu?  ixti<*nu*  inipt.»t.incc‘  i»f  (W\l  :it 
this  situ.itinn.  M  is  iinlik<‘ly  that  .my  sole  tiabspares 
could  he  wtirkecl  out  for  tlu*  ONl'l’S  uhieli  would  rii>( 
eitiu-r  siTiously  degrade  the  capaliiUty  »)f  the  OMTS  on 
th<!  one  hand,  <ir,  on  the  titlier,  result  in  a  .span*.s  stockaji<‘ 
for  till'  OMTS  representing  SO  tn  OOV  of  the  total  (-icst  of 
OMTS  opi'iatinj^  a.ssi'inhlies. 


.'i-  i*‘A/7’S.  31je  Ordnanti*  eheckoul  station,  tlie  FMTS, 
re<|uircs  spare’s  for  jH'rhaps  half  of  its  a.ssemblies  for  n.se 
in  self-tt  si  procedure.s.  ft  is  lielieveil  lliat  a  .sefei'teil-spares 
|H)licy  could  he  effectivch-  employed  on  the  remainint; 
asseiithlies.  Kither  the  FMTS  or  the  Ordnanee  D/S  unit 
to  which  it  is  atlaelied  inn.st  hav(*  available  one  complet*' 
set  of  spiires  for  tin*  OMTS  and  the  lanneluiiif  station  in 
order  to  maintain  the  eapahilily  of  suppmtiii^  the  Ser 
ilcniU  FAM  battalion  hy  means  of  nnil  replatenienl.  A 
policy  of  selected  .spares  slockaite  for  the  system  snh- 
a.ssc*mf)lies  scem.s  reasonable  and  workable. 
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V.  CONCLUSIONS 


It  is  rcftiiniiu  nclcd  fluit  tli*'  Sr-r^tr/n/  KAM  Biiltalioii 
bo  organizod  willi  »)n:‘  OMl’S.  vvliii  li  will  In-  asMj»n(‘tl  <o 
tloaclqiiarfors  aiul  ScTvico  Hatt'-iy.  It  is  llu-  on.uiiMoriii^ 
jiKb^iiiont  tlio  Jot  IVopnlsioii  I  .almiatory  that  the  fiold- 
storaiio  rrlia]>ilitv  of  tlio  Srrut’tmt  smssiK*  will  1m*  smoIi  as 
to  make-  alUication  of  tnoro  than  oik-  OMTS  jx'i  Haltaiion 
o.xtrava.uaut  .uul  of  no  advatitaui*  in  riV.^toni  porftirniaiKt*. 

A  fonlinnin.n  oxporiiiionl  to  dotormino  iho  fii-ld-storajr^' 
roHability  of  llie  tnissilo  is  rocoimnondecl.  Stalling  wiili  the 
first  I'ainiiU-oriaU'MiHlol  round,  llu*  proi;raM»  slioiild  ciui- 
tliroiiith  tin*  Knj»iiu*v'r  l*si*r  Kv.iJsi.jJiiitj  natil  t!.o 
user  is  aware  «>f  all  the*  rainificatioiis  of  llu-  field -storatti* 
problem,  ami  until  this  n'liability  is  established  to  the 
satisfaction  of  tlir  user.  11u*  necessary  rct-oid  forms  slnuihl 
be  initialed  iinnicdialely. 

A  policy  of  periodic  clieckoiit  for  the  malnteiiamc  of 
the  Scriicnnt  Hatlalion's  prcscrihed  load  of  missiles  situohl 


be  established.  Cdieekoiits  mon*  frequent  (h..'i  neee.ssjuy 
to  inainfain  a  niveii  level  of  readiness-  ri'duee  llie  ma\i- 
iiiiiin  aehievahle  rehabilitv  ))ceaii.se  'il  Wfiir.  a  poliev  of 
peiforniiii^  tof>*fretjin*nt  i*lu*cki>iits  is  nneeonoiuu-al  ami 
<lant;erous.  Pejiorininj;  t'le  clieekmit  imuiediatelv  l>eb>re 
Kn'njj  is  u'nieiv.ssary  and  nndesirahle  in  an\  ease;  for 
sIuhjI  ind  .se<»ot  uiis.sions.  .micI-  a  cheekouf  fl-ushli's  the 
miniiniiin  tofcd  time  for  the  operation. 

The  foiiowiiii^  |»c»lij*v  on  spart'-j'iarl.s  stoc-k.i.tie  ;.s  ri-eoin- 
uu'ndei)  (\)  HKW  slatinn  OVM  (eleeiroiiies;  lor  {lie 
lannehiii'r  .st.ifion,  (2j  I(X)'»  sf.ui«);i  ()\'\f  (e)t*ftronie.«;;  for 
(lu*  OMd'S;  (3,!  sclcfied  mi.ssile  spare.s  .dmard  *he  O.MT.S; 
(4)  Sidee'etl  station  ':j,ai'e.s  fi>r  .stalion  a.s.s«*inl'hes  no| 
r(‘(|iiiri'd  .'(I  .v<*lf-test  proex  clnrts.  ahoartl  (he  I'^.VITS;  (5) 
l(K)^'  ori»a:iie  .spar<‘.s  tor  launeliinji-.station  and  OMTS 
asM'iuhlu'.s,  ass(K-iated  with  KM'l'S;  [6;  seleeted  .snbasseni- 
hly  spare.s  lor  all  eleetrtJiiie  as.senjblie.s  in  th<-  weajioii.s 
syst<*in. 
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